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• • Can we develop chemical biomarkers of Can we develop chemical biomarkers of coast live oak resistance to coast live oak resistance to Phytophthora Phytophthora ramorum ramorum ? ?
• • Can the biomarkers be used in an Can the biomarkers be used in an operational setting? operational setting? 36 of the 80 trees that were inoculated in 2002 were used for chemical analysis after classification in the following categories*:
•PR (Putatively resistant, n = 11): asymptomatic trees that never showed symptoms of infection with P. ramorum
•IR (In remission, n = 15): trees that showed bleeding symptoms at one time, but were asymptomatic in 2008, i.e. trees that have putatively healed and are considered intermediately resistant •S (Symptomatic, n = 10): trees that were showing symptoms of infection in 2008 and are considered susceptible.
Two phloem samples were pooled from each tree and total and individual phenolics of interest were identified and quantified using HPLC-PDA-LC-MS.
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The LRA model was transformed to Logit function to calculate the threshold values for six (selected by LRA) of the ten phenolic variables (including total phenolics) at 90% and 95% probabilities of resistance Ten biomarkers were selected using SLDA, and subjected to a logi Ten biomarkers were selected using SLDA, and subjected to a logistic regression analysis (LRA) stic regression analysis (LRA) Table 3 . Threshold levels of different phenolics described in Nagle et al. (2011) and selected by SLDA and LRA analysis for a given probability of being associated with resistant coast live oaks (PR and IR trees).
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When considered in combination with a posteriori a posteriori canker groupings, the threshold phenolic canker groupings, the threshold phenolic values presented in Table 3 appeared to discriminate effectively values presented in Table 3 appeared to discriminate effectively between between a priori a priori phenotypic phenotypic groups: groups: 
Summary Summary
• Tyrosol hexoside pentoside, ellagic acid, and total phenolics are present at higher levels in the phloem of resistant trees.
• Tyrosol has been demonstrated to have strong anti-Phytophthora properties and may contribute directly to resistance -part of the mechanisms.
• Tyrosol hexoside pentoside, ellagic acid, and total phenolics are strongly associated with resistant trees in PCA space and threshold levels have been calculated.
• THUS, these compounds can be considered very strong candidates for being used as chemical biomarkers for resistance of field grown coast live oak.
The next steps?
The next steps?
• Validation of these biomarkers is in progress in an experiment in which we are analyzing the chemistry of 600 trees, 150 of which have been inoculated.
• Based on our current data, we expect that ~40-50 of the inoculated trees will be resistant.
• The remaining 450 trees will be targets for natural infection and will provide material for further validation.
• Validation includes seasonal monitoring of compound concentrations to ascertain the effect of phenology on the chemistry of coast live oak phloem.
• We now know that ~40% of symptomatic trees survive (and presumably reproduce).
• We can predict with some confidence which trees will survive based on external lesion lengths measured only 9-12 months after inoculation.
• We have identified phenolic biomarkers that can potentially be used to predict a tree's resistance BEFORE it is exposed to the pathogen and becomes infected, SO INOCULATIONS CAN BE AVOIDED.
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